This is a case series on the abnormal sonographic appearance and outcome of the fetal hyaloid artery (HA) detected during between 1987 and 2015 at one medical center. Fifteen cases were detected during fetal anatomy scans, usually performed at 14 to 16 weeks' gestation. Three other cases were diagnosed following referral for a second opinion. In nine fetuses, the HA regressed normally throughout pregnancy. Of them, eight neonates had normal outcomes and one had cataract at the same eye. All nine other cases ended with adverse outcomes. Failure of the HA to regress in the third trimester appears to be an indicator of congenital blindness.
F
etal eye development incorporates a cluster of processes beginning in the early first trimester. 1 One of them is the proliferation of a vascular tree originating from the hyaloid artery (HA), enabling proper blood supply to the primary vitreous for normal retinal development. Later in pregnancy, a critical stage occurs with regression of the HA and its branches. This event starts at early second trimester and ends with full regression of the HA at midthird trimester. 1, 2 Failure of this stage to occur is known as persistent hyperplastic primary vitreous (PHPV). When bilateral, it is usually associated with extra-ocular anomalies and chromosomal abnormalities such as trisomy 13. 3 However, in most cases, PHPV is unilateral and nonhereditary, with leukocoria as the first sign, appearing at early neonatal life. 4, 5 The natural course of the disease may result in early cataract and closed-angle glaucoma. In the long term, enucleation may be inevitable as a result of terminal glaucoma, intraocular hemorrhage, retinal detachment, uveitis, or phthisis bulbi. [4] [5] [6] [7] Prenatal sonographic description of HA regression throughout pregnancy was first studied by Birnholz et al. 3 They found that the presence of the HA in the mid-third trimester is uncommon in healthy fetuses (<1%), and when present it may be associated with chromosomal abnormalities and central nervous system anomalies. Achiron et al 8 studied the regressive timetable of the HA between 14 and 38 gestational weeks in a cross-sectional study of 231 low-risk fetuses, and found that the HA regressed in all 81 fetuses evaluated after 29 gestational weeks. Abnormal appearance and nonregression of the HA was previously described in case reports, suggesting an association with postnatal ophthalmic diseases. [9] [10] [11] In this study, we aimed to describe 18 cases of abnormal presentation of the HA, ranging from normal variants of development to pathologies.
Materials and Methods
This is a retrospective case series of sonographic abnormal appearances of the fetal hyaloid artery stratified by their neonatal outcome. Cases were retrieved from the sonographic computerized database of the ultrasound unit in Rambam Medical Center between 1987 and 2015. The study population consisted of self-referred patients who were interested in fetal anatomy scans. Of them, 4.4% were referred because of past fetal anomalies, teratogen exposure, or for second-opinion scans at any gestational week; 22% of women were 35 to 45 years old. During the study period, approximately 72,000 second-trimester anatomy scans were recorded (all performed by the same sonographer (M.B), usually at 14 to 16 weeks' gestation. By default, early anatomical scans were performed transvaginally, regardless of the hyaloid artery (except in cases in which the uterus was highly positioned in the pelvis, prompting a transabdominal scan). Transabdominal scans were the acceptable approach at 23 to 26 gestational weeks. However, when the fetus lie was head presentation and hyaloid artery abnormality was previously detected, then transvaginal scan was also performed. In all cases, an ESI 1000 and 3000 (Elscint Ltd, Haifa, Israel) with a 6.5-and 7.5-MHz vaginal transducer, and a 5-and 3.5-MHz abdominal transducer; or an iU22 Philips machine (Seattle, WA) with a 3-to 9-MHz vaginal transducer, and a 2-to 6-MHz abdominal transducer, were used. M.B. routinely visualized the HA as part of the anatomy scan. The HA was depicted on the axial view of the orbit, detected as a central echogenic thin line, crossing from the back of the lens toward the proximal part of the primary vitreous, at the ophthalmic nerve entrance (Figure 1 ). Abnormal HA appearance was defined as any sonographic imaging of the artery deviating from this description, including thick, echogenic, double HA or ring shape HA. When abnormal appearance of the HA was found, the pregnant women were invited for meticulous evaluation of fetal eyes with sonographic follow-up throughout pregnancy. If the HA was not fully regressed as expected, postnatal assessment by a pediatric ophthalmologist using high-frequency ultrasound was advised.
According to our standard protocol, all women with pregnancies complicated by HA abnormalities were contacted after delivery to verify the perinatal outcome and neonatal ophthalmological evaluation after birth. For this study, perinatal outcome and postnatal ophthalmological evaluation were obtained either from our hospital perinatal database (in cases delivered in our hospital) or from the maternal interview after delivery.
The study was approved by the Rambam Medical Center institutional review board.
Results
All second-trimester anatomical scans identified during the study period that assessed HA were included in the analysis. Most of these sonographic scans were performed transvaginally at 14 to 16 weeks' gestation, although a portion of the cases were performed transabdominally between 23 and 26 gestational weeks. A small minority of the examinations were evaluated as secondopinion scans at variable gestational ages.
Overall, abnormal appearance of the HA was diagnosed in 18 cases. Of them, 15 were diagnosed at a routine early second-trimester anatomy scan. The incidence of an abnormal HA was approximately 1 in 4800 fetuses. Three additional cases were diagnosed following referral for a second-opinion consultation. Two of the latter were diagnosed retrospectively at an after-birth consultation, which was requested as a result of infantile unilateral blindness or PHPV. The third case was a 34-gestational-week fetus referred as a result of suspected intrauterine growth restriction. We categorized the cases according to the characteristics of the abnormal appearances of the HA (Table 1) as follows: 1. Thickened HA either along its whole length or segmentally, primarily at the posterior aspect of the lens (Figure 2 ), was found in nine fetuses. In six of them the HA regressed later in pregnancy; of them, five had normal ophthalmic evaluation after delivery, whereas in one fetus, cataract was diagnosed postnatally. In the three remaining cases the HA failed to regress during pregnancy. In one case, following infantile diagnosis of unilateral blindness with cataract and PHPV, retrospective prenatal ultrasound evaluation demonstrated thick HA at 15 weeks and thick HA with echogenic lens at 27 gestational weeks ( Figure 3, A and B) . In the second case, following infantile blindness secondary to retinal coloboma and microcornea, retrospective prenatal sonographic evaluation revealed permanent anterior HA at week 34 (Figure 4 ). The third case was referred for a second opinion because of suspected growth restriction at 34 gestational weeks. Ocular scan demonstrated bilateral microphthalmia with persistence of thick HA and cataract. Extra-ocular evaluation revealed polydactyly and Tetralogy of Fallot. Fetal karyotype sampling demonstrated trisomy 13. Figure 5A depicts the sonographic appearance of the fetal eye. The patient opted to terminate pregnancy, and the histologic specimen from autopsy demonstrated the vessels around the lens and the thick HA ( Figure  5B ). Persistent hyperplastic primary vitreous was confirmed by autopsy in both eyes; 2. A ring encircling the lens was documented in three fetuses ( Figure 6 ). Two of them had other accompanying extra-ocular anomalies and the patients opted for termination of pregnancy following trisomy 18, diagnosed by karyotype examination.
The third fetus demonstrated normal regression of the HA on sonographic evaluation follow-up without further ophthalmic sequela; 3. Double HA (Figure 7 ) was observed in one fetus with regression of the artery later in pregnancy. After birth, sonographic evaluation was normal with no remnant artery after delivery; 4. A hyperechogenic dot at the center of the lens (Figure 8 ) was observed in three cases: The first ended with fetal death 1 week after the anatomy scan at 15 weeks, the second pregnancy was terminated as a result of multiple anomalies, and the third delivered at term with normal ophthalmic evaluation after birth; and 5. Thick and prominent HA with bilateral microphthalmia ( Figure 9 ) was observed in two fetuses at 13 and 15 gestational weeks. Both fetuses were concurrently diagnosed with multiple anomalies at the time of the scan. Trisomy 13 was found by karyotype examination in both, and pregnancies were terminated in the early second trimester.
Discussion
In this study we described the abnormal sonographic appearance of HA, from the early second trimester until the end of the third trimester, and followed the outcomes. Our main findings are as follows. First, abnormal appearing HA is a rare finding on second trimester scans. Second, regression of isolated abnormal appearing HA on sonographic follow-up is associated with normal outcome. Third, abnormal appearing HA that fails to regress or is visualized in conjunction with other ocular findings is a risk factor for adverse ophthalmological outcomes after birth. First and second-trimester diagnosis of fetal ocular defects has been previously described. 12 However, information is scarce as to the prenatal sonographic detection of the HA and its pathologies. In this study, we describe the largest case series of abnormal appearing HA throughout pregnancy and its outcomes. Our study benefits from the number of cases of abnormal HA visualized by a single performer with reported outcomes. Nevertheless, it has some limitations, mostly derived from the rarity of this entity. This narrows the number of cases and stipulates a retrospective study design. Although for most cases presented (16 of 18) the data were collected prospectively, two cases were evaluated following infantile eye abnormalities. In addition, incomplete data for all of the cases preclude reaching a conclusive recommendation regarding the prenatal detection of abnormal HA.
In conclusion, we suggest that any abnormal appearance of the HA early in pregnancy, or persistent HA in the third trimester, warrants meticulous sonographic evaluation of the fetal eye, including the orbit diameter (microphthalmia), transparency of the lens (cataract), and description of the HA and its structure (thickness, partial or complete presence of the artery, and the site of observed remnant-either the back of the lens or the retina). Failure of the HA to regress or the presence of other findings on ocular evaluation justifies a multidisciplinary consultation, to include the sonographer, geneticist and pediatric ophthalmologist, with an early postnatal ophthalmological evaluation. Although beyond the scope of the study, we found that sonographic depiction of the HA is feasible. However, more data are needed before recommending the routine examination of the HA as part of fetal anatomy scanning. Figure 9 . A, B, Two fetuses diagnosed with prominent, relatively thick HA (arrows) and microphthalmia (white circle) at 13 and 15 weeks' gestation. Both fetuses had concurrent multiple anomalies and chromosomal analyses revealing trisomy 13.
